We identified 620 children with peripheral facial palsy of which 211 (34%) had Lyme disease. The 140 children who had a lumbar puncture performed were more likely to be hospitalized (73% LP performed vs 2% no LP) and to receive parenteral antibiotics (62% LP performed vs 6% no LP).
INTRODUCTION
In endemic areas, Lyme disease has emerged as the most commonly identified cause of a peripheral facial palsy in children, although diagnostic and therapeutic uncertainties remain [1] . Although some have suggested performing routine lumbar puncture (LP) for children with Lyme facial palsy [2] , others have questioned the utility as the benefit of parenteral therapy for Lyme meningitis is unclear. In Europe adults with Lyme meningitis treated with either oral doxycycline or parenteral antibiotics had similar outcomes [3, 4] . Although oral regimens for Lyme meningitis have not yet been rigorously evaluated either in children or in the United States where the Borrelia burgdorferi sensu lato genospecies differ, current clinical guidelines suggest that oral doxycycline may be an acceptable choice for Lyme meningitis for children 8 years and older [5, [6] [7] [8] .
The need for a diagnostic LP for a child with a peripheral facial palsy remains controversial, as the cerebrospinal fluid (CSF) results may not impact clinical management. To this end, we have performed a cross-sectional study of children with peripheral facial palsy presenting to the emergency department (ED) of a single pediatric institution located in a Lyme disease endemic area. The primary goal of this study was to determine the diagnostic yield and the impact on management of an LP for children with facial palsy.
METHODS

Study Design
We performed a retrospective cross-sectional study of children with peripheral facial palsy who presented to a single ED (Boston Children's Hospital) located in a Lyme disease endemic area between January 1996 and September 2015. The institutional review board approved the study protocol with waiver of informed consent.
Patient Population
Our case identification was completed in 2 phases. We have used both structured data (international classification of disease 9 codes) as well as unstructured data (free text search) [9] . For the free text search , we used a computerized screening tool using regular-expression matching, as well as a binary document classifier to identify ED documents of identify children ≤ 21 years of age who presented to the ED with peripheral facial nerve palsy (unilateral or bilateral) and were evaluated for Lyme disease. Second, we performed a manual medical record review to confirm patient eligibility. We excluded children with any of the following: central facial palsy (with sparing of the forehead musculature), congenital facial palsy, central nervous system malignancy, surgery in the area of the facial nerve within the past month or more generalized paralysis. If a child visited the ED multiple times during the same episode of facial palsy, we only included the first visit.
Lyme Disease
We defined a case of Lyme disease associated facial palsy by either the presence of clinician-diagnosed erythema migrans (EM) lesion or a positive 2-tiered Lyme disease serology [10] . We defined a positive 2-tiered serology as a positive or equivocal enzyme immunosorbent assay followed by a positive supplemental immunoblot (either IgM or IgG) by standard intrepretive criteria.
Outcome Measures
Our primary outcome measure was whether an LP had been performed. Our secondary outcome measure was presence or absence of CSF pleocytosis, which we defined as a CSF white blood cell (WBC) count ≥ 10 cells/mm 3 .
Data Analysis
We compared proportions using the Chi Square test and continuous variables using the Mann-Whitney test. As the decision whether to obtain an LP was made before the Lyme serology results were available, we compared the clinical characteristics of children who did and did not have an LP performed.
All statistical analyses were performed using the Statistical Program for the Social Sciences version 23.0 (Armonk, NY: IBM Corporation).
RESULTS
We identified 620 unique children with peripheral facial palsy who met study eligibility criteria. Of these, 432 (70%) were ≥ 8 years of age and 331 (53%) were male. The majority (n=380; 61% of children with facial palsy) presented between June and October, the peak Lyme disease season.
Of the children with facial palsy, 211 (34%) had Lyme disease. The diagnosis of Lyme disease was made as follows: 7 (3%) EM alone, 59 (28%) EM and positive 2-tiered Lyme serology and 145 (69%) positive serology alone. Of the children without Lyme facial palsy, the following causes were identified: 16 otitis media or mastoiditis, 2 trauma to the area of the facial nerve and 10 presumed Herpes simplex virus infections. The other children diagnosed with idiopathic (i.e. Bell's) facial palsy. Children with Lyme disease facial palsy were younger than those with facial palsy from other causes (9.8 years, interquartile range [IQR] 7.2-13.1 years with Lyme disease vs 12.0 years, IQR 6.6-15.6 years with other causes; p = 0.01). Of the children with Lyme facial palsy, 146 (69%) were ≥ 8 years of age.
Clinicians were more likely to perform an LP on children with facial palsy who presented during the summer months or who had any of the following clinical features: EM lesion, headache, meningismus or fever ( 
3 other causes; p < 0.001). Of the 81 children with Lyme disease facial palsy who had an LP performed, 70 (86%) had CSF pleocytosis and 58 (72%) were ≥ 8 years of age (Figure 1) .
Children who had an LP performed were more likely to be initially treated with parenteral antibiotics [71/140 (63%) LP performed vs 6/80(2%) no LP performed; p < 0.001] and were also more likely to be hospitalized [87/140 (62%) LP performed vs 29/480 (6%) no LP performed; p < 0.001].
DISCUSSION
We assembled a large cross-sectional study of children with peripheral facial palsy presenting over 2 decades to a single ED located in a Lyme disease endemic area. Treating clinicians chose to perform an LP more often in children with headache or meningismus. The decision to perform an LP was associated with higher rates of hospitalization and of parenteral antibiotic treatment. For older children with Lyme disease facial palsy, the clinical importance of the diagnostic LP remains in dispute as oral doxycycline has become an accepted therapy for Lyme meningitis [5] .
In previous studies of patients with Lyme disease facial palsy, between 50 to 100% of those who had an LP performed had CSF pleocytosis [2, [10] [11] [12] [13] . In the largest previous series, 80% of the 177 adults with Lyme disease facial palsy had CSF pleocytosis [13] . Similarly, we found that most children with Lyme disease facial palsy who had an LP performed had CSF pleocytosis, whereas only a minority with other facial palsy [7] causes had associated pleocytosis. In a prospective study of 40 children presenting with Lyme disease facial palsy, 2-thirds of the children had an elevated CSF WBC. Based on this observation, the authors of this study suggest that all children with Lyme facial palsy should have a routine LP performed [2] . Despite similar rates of CSF pleoyctosis in our study population, we did not reach the same conclusion about the importance of LP. To date, most children with Lyme meningitis have been treated with several weeks of parenteral antibiotics, often requiring placement of a peripherally inserted central catheter (PICC) to permit antibiotic administration at home [14] . However, this therapy has a substantial complication rate. In a retrospective study of 151 children with Lyme meningitis treated at 1 of 3 pediatric centers, more than 1-quarter had complications related to either the antibiotic therapy, or the PICC line [14] . Alternative approaches are clearly needed.
The necessity of parenteral antibiotics for Lyme meningitis is increasingly questioned [15] . In Europe, adults with Lyme meningitis had similar outcomes but lower complication rates when treated with oral doxycycline compared to a parenteral third-generation cephalosporin [3, 4, 6] . However, as Borrelia garinii is the predominant cause of neurologic Lyme disease in Europe, we remain uncertain whether these studies are generalizable to patients with North American Lyme disease. Importantly, oral doxycycline has excellent bio-availability as well as CSF penetration, and antimicrobial resistance among North American B. burdorferi has not been described. After small studies published in the 1950's and 60's reported dental enamel staining in children with developing teeth after a prolonged oral tetracycline antibiotic course [16, 17] , many have cautioned against tetracyclines in young children. However, short courses of oral doxycycline have not been associated with visible dental staining or enamel hypoplasia in young children [18, 19] . Doxycycline binds to calcium less readily than older tetracyclines, offering a potential explanation for the improved safety profile [20] . Taken together, oral doxycycline therapy can be considered as a first-line treatment option for children 8 years of age or older with Lyme meningitis [5, 6, 8] . If we conclude that the initial treatment for an older child with suspected Lyme disease facial palsy with or without CSF pleocytosis is the same, the treating clinician may not need to routinely perform a diagnostic LP.
Our study had several limitations. First, our study was retrospective and we relied on the medical record for data abstraction.
However, we selected objective clinical factors and laboratory results to avoid recording biases. Second, we relied on a computerized search tool for initial case identification. Although we included many children with facial palsy who would have been missed if we had used diagnosis codes alone, we cannot ensure complete case capture. Last, treating clinicians decided whether to perform an LP for an individual patient with facial palsy. We cannot determine the proportion of children who did not have an LP performed who actually had CSF pleocytosis. However, no child who did have an LP on the initial ED evaluation had complications related to unrecognized meningitis.
In conclusion, Lyme disease was the most frequently identified cause of peripheral facial palsy in children presenting to a single ED located in a Lyme disease endemic area. Of those with Lyme disease facial palsy who had an LP performed, most had CSF pleocytosis. Clinicians should carefully consider the need for routine diagnostic LP for children with suspected the Lyme disease facial palsy. The value of an LP may primarily be to evaluate other causes of meningitis when the diagnosis of Lyme disease has not been confirmed. 
